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4 46 DEPARTMENT OF THE ARMY
.. .NEW ENGLAND DIVISION. CORPS OF ENGINEERS

42A TRAPELO ROAD

J- WALTHAM. MASSACHUSE7TS 02154

S-AUG 3 1 1979
ATTENTION CF:

NEDED-E

Honorable Edward J. King

Governor of the Commonwealth of
Massachusetts

State House

Dear Governor Kin,:

Inclosed is a copy of the Patch Reservoir Dam Phase I Inspection

Report, which was prepared under the National Program for Inspection
of Non-Federal Dams. The report is based upon a visual inspection, a
review of past performance, and a preliminary hydrological analysis.

A brief assessment is included at the beginning of the report.

The preiiminary hydrologic analysis has indicated that the spillway
capacity for the Patch Reservoir Dam would likely he exceeded by

floods greater than 13 percent of the Probable Maximum Flood (PMF),
the test flood for spillway adequacy. Our screening criteria
specifies that a dam of this class which does not have sufficient
spillway capacity to discharge fifty (50) percent of the PMF, should

be adjudged as having a seriously inadequate spillway and the dam
assessed as unsafe, non- emergency, until more detailed studies prove
otherwise or corrective measures are completed.

The term "unsafe" applied to a dam because of an inadequate spillway

does not indicate the same degree of emergency as that term would if
applied because of structural deficiency. It does indicate, however,

*. that a severe storm may cause overtopping and possible failure of the
dam, with significant damage and potential loss of life downstream.

4.
%"-

It is recommended that within twelve months from the date of this
.report the owner of the dam engage the services of a professional or
consulting engineer to determine by more sophisticated methods and
procedures the magnitude of the spillway deficiency. Ba~ed on rhi.
aetermination, appropriate reiedial mitigating measires should be
designed and completed within 24 months of this date of notification.

In the interim a detailed emergency operation plan and warning system
should be promptly developed. During periods of unusually heavy

r.
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*'ED-E
Honorable Edward J. King

I have approved the report and support the findings and recommenda-
. tions described in Section 7, with qualifications as noted above.

request that you keep me informed of the actions taken to implement
these recommendations since this follow-up is an important part of the
non-Federal Dam Inspection Program.

A copy of this report has been forwarded to the Department of Fnviron-
mental Quality Engineering, the cooperating agency for the Common-
wealth of Massachusetts. This report has also been furnished to the
owner of the project, City of Worcester, Department of Public Works,
20 East ',orcester Street, 'worcester, %assachusetzs 3,1604 ATTN: :;r.
7. 1orth Landers, Coz-:issioner.

Copies of this report will be male av.ilable to :h: upon
request to this office, under the Freedom of Information Act, thirty
days from the date of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for the cooperation extended in
carrying out this program.

Sincerely,

MAX B. SCIIEIDER
Colonel, Corps of Engineers
Division Engineer

.
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NATIONAL DAM INSPECTION

PROGRAM

PHASE I INSPECTION REPORT

BRIEF ASSESSMENT

Identification No.: MA00122

Name of Dam: Patch Reservoir

Town: Worcester

County and State: Worcester County, Massachusetts

Stream: Tatnuck Brook - Tributary of Blackstone River

Date of Inspection: July 10, 1978

Patch Reservoir Darn consists of a stone masonry
spillway and earth dike. The spillway was constructed
around 1896. The spillway is about 6 feet high and
70 feet long. The earth dike has a maximum height of
11 feet and is about 200 feet long. The spillway is
located about 800 feet north of the dike. There are no
known or visible outlet conduits for the reservoir.
There is one plan available for the spillway and no
plans available for the dike. There are no specifi-
cations or computations available from the Owner,

V County, or State offices regarding the design,
construction, or repairs of the structures at this
site.

Due to their age, the spillway and dike were
neither designed nor constructed by current approved
state-of-the-art procedures. Based upon the visual
inspection at the site, the lack of engineering data
available, and no evidence of operational or main-
tenance procedures, there are areas of concern which
must be corrected to assure the continued performance

0 of these facilities. Generally, the dike and spillway
are considered to be in fair to poor condition. Patch
Reservoir Dan has been placed in the "high" hazard
category.

The following are visible signs of distress
which indicate a potential hazard at this site:
slight to moderate seepage at the downstream toe of
the dike, trees and brush on the dike, erosion on the

I'.'



* upstream face of the dike, accumulation of' debris in
the spillway channel, slight seepage at the west
abutment of the spillway training wall, and excavation
along the edge of' the reservoir.

Hydraulic analyses indicate that the existing
spillway can discharge a flow of' 1,015 cubic feet per
second (cfs) at Elevation (El) 549.8, which is the crest
of the dike. Based on size and hazard classifications,
in accordance with Corps guidelines, the test flood is
one-half' the Probable Maximum Flood (PMF). The inflow
test flood f'or Patch Reservoir was calculated as the
test outflow from Cook Pond (the next pond upstream
in the watershed) MA 00123, plus the one-half' PMF for
the remaining Patch Reservoir drainage area. This
inflow test flood of' 8,357 cfs is adjusted for sur-
charge storage, resulting in an outflow of' 7,950 cfs.

* Since the existing spillway can discharge only 13 per-
cent of the outflow test flood, it is inadequate. The
outflow will overtop the dike by about 4.1 feet. In
addition, water will discharge through a low area

V. along the reservoir about 200 feet west of the spillway.
In the event of overtopping, complete failure of the
dike could occur. Due to the potential for overtopping,
it is recommended that a definite plan for surveillance
and a warning system be developed for use during
periods of unusually heavy rains and/or runoff'.

It is recommended that the Owner immediately
investigate the seepage at the toe of the dike, clear
all debris from the spillway, remove all trees from
the dike, and install a gated low-level outlet. Also,
erosion of the upstream face should be repaired and
riprap added to prevent continued deterioration of
the dike. It is recommended that the Owner employ a

* qualified consultant to evaluate the stability of' the
dike and the seepage at the downstream toe of' the
dike. Further, a more detailed investigation should
be made of the hydraulic and hydrologic aspects of the
s ite.

%0
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The above recommendations should be implemented
within a period of one year after receipt of the Phase I
Inspection Report. An alternative to these recommenda-
tions would be draining the reservoir and breaching or
removing the dike.

.-_" /, ',-

Edward Greco, P.
S" -Project Manager

Metcalf & Eddy, Inc.
-0. *083b5

", eConnecticut Registration
J, No. 08365

Approved by:

Stephen L. Bishop, P.E. c STEPHEN \
'.-.. Vice President L.

Metcalf & Eddy, Inc. tSo 19103.

Massachusetts Registration
No. 19703
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This Phase I Inspection Report on the Patch Reservoir Dam has been
reviewed by the undersigned Review Board members. In our opinion,
the reported findings, conclusions, and recommendations are
consistent with the Reconiended Guidelines for Safety Inspection

|_7 of Dams, and with good engineering judgment and practice, and is

. I hereby submitted for approval. ]
CHARLES G. TIERSCH, Chairman

* 'Chief, Foundation and Materials Branch
- Engineering Division

* FRED J. VIS, Jr., Member
. Chief, Dergn Branch
- Engineering Division

*SAUL COOER, Member
Chief, Water Control Branch
Engineering Division

*. APPROVAL RECOMMENDED: I-
JOE B. FRYAR
Chief, Engineering Division

- ' ,*.**.* ** '-*?* .~d~~ ~S



.1 T

PREFACE

This report is prepared under guidance con-
tained in Recommended Guidelines for Safety Inspection
of Damns, for a Phase I Investigation. Copies of these
guidelines may be obtained from the Office of Chief of
Engineers, Washington, D.C. 20314. The purpose of a
Phase I Investigation is to identify expeditiously

* .. those dams which may pose hazards to human life or
property. The assessment of the general condition of
the dam is based upon available data and visual inspec-
tions. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however,
the investigation is intended to identify any need for
such studies.

S In reviewing this report, it should be realized

that the reported condition of the dam is based on
observations of field conditions at the time of inspec-

V tion along with data available to the inspection team.
In cases where the reservoir was lowered or drained
prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal
load on the structure and may obscure certain condi-
tions which might otherwise be detectable if inspected
under the normal operating environment of the
structure.

It is important to note that the condition of a
damn depends on numerous and constantly changing inter-
nal and external conditions, and is evolutionary in
nature. It would be incorrect to assume that the
present condition of the dam will continue to repre-
sent the condition of the dam at some point in the

0 future. Only through continued care and inspection
can there be any chance that unsafe conditions be
detected.

Phase I inspections are not intended to provide
detailed hydrologic and hydraulic analyses. In ac-

S cordance with the established Guidelines, the Spillway
Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasonably possible
storm runoff), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding
that a spillway will not pass the test flood should not
be interpreted as necessarily posing a highly inade-
quate condition. The test flood provides a measure of
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relative spiliway capacity and serves as an aid in
'I determining the need for more detailed hydrologic and

hydraulic studies, considering the size of the dam, its
general condition and the downstream damage potential.
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NATIONAL DAM INSPECTION
PRO GRAM

PHASE I INSPECTION REPORT

PATCH RESERVOIR

SECTION 1

PROJECT INFORMATIO1N

1.1 General

a. Authority. Public Law 92-367, August 8,
1972, authorized the Secretary of the Army,
through the Corps of Engineers, to initiate a
national program of dam inspection through-
out the United States. The New England Divi-
sion of the Corps of Engineers has been assigned
the responsibility of supervising the inspec-
tion of dams within the flew England Region,
Metcalf & Eddy, Inc. has been retained
by the New England Division to inspect and
report on selected dams in the State of

~' .~Massachusetts. Authorization and notice to
proceed was issued to Metcalf & Eddy, Inc.
under a letter of May 3, 1978, from Ralph
T. Garver, Colonel, Corps of Engineers.

-~ Contract No. DACW 33-78-C-0306 has been
assigned by the Corps of Engineers for this
work.

b. Purpose:

(1) Perform technical inspection and evalua-

tion of non-Federal dams to identifyLconditions which threaten the public
safety and thus permit correction inml manrbao-edrlitrss

(2) Encourage and assist the States to
initiate quickly effective dam safety
programs for non-Federal dams.

0. (3) To update, verify and complete the National
Inventory of Dams.
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1.2 Description of Project

a. Location. Patch Reservoir is located on
Tatnuck Brook in the City of Worcester,
Worcester County, Massachusetts. See Figure
B-I in Appendix B, which shows the
relationship of the spillway and dike to the
reservoir and adjoining streets. Also see
Watershed Plan, Figure D-1.

b. Description of Dam and Appurtenances. The
spillway at Patch Reservoir is in the form of
a cascade type weir comprised of cut granite
block steps (see Figure B-4). The spillway

." ' weir is 70 feet long at the crest and is 6
feet above the natural streambed. The weir
descends in four steps from the crest at El
547 to a fieldstone-lined channel at El
542.2. The natural streambed is at El 540.9
about 25 feet downstream. The section of the
upstream approach to the weir that is visible
from the crest is paved with fieldstone.

The spillway has mortared-stone masonry train-
ing walls. The west training wall is 54.4
feet long and 3.7 feet high. The east train-
ing wall, which is 52.5 feet long and 4 feet
high, abuts natural ground consistinr of
shallow and outcropping bedrock. Above the
east training wall on the east abutment, the
ground slopes up to a residence about 100
feet away.

An earth dike is located about 800 feet south-
west along the shore from the spillway (see

0 Figure B-3). The crest of the 200-foot-long
dike ranges in elevation from 549.8 to 553.4
and serves as a footpath. The dike is
approximately 11 to 13 feet wide at the crest
and a maximum of 11 feet high. Both the
upstream and downstream slopes of the dike
embankment are irregular and overgrown with

trees and brush. The slopes vary from 1.5 to
2.5:1 (horizontal:vertical) upstream, and 1.5I. to 3:1 downstream.

There are no apparent outlet structures at
the dam.

A low area located about 200 feet west of the
J" spillway is shown on Figure B-2 in Appendix B.

2
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This low area appears to have been excavated
into natural ground, possibly as a source of
fill. The low point is El 552.4 or about 2

~ .~ feet above the crest of the dike.

c. Size Classification. Patch Reservoir is
classified in the "small" category since the
dike has a maximum height of 11 feet and the
reservoir a maximum storage capacity of 205

~h. acre-feet.

d. Hazard Classification. A dike or spillway
failure at Patch Reservoir would release a
flood wave that could threaten lives and prop-
erty in the suburban development located
immediately downstream. In addition, it is
possible that a failure of the dike at Patch
Reservoir could produce a flood wave about 10

* ~ feet high, at a point 1,600 feet downstream.
This could breach the dam at Patch Pond and
jeopardize residences along June Street. For
this reason, the djjfi atch Reservoir has
been placed in tl-( i~h" azard category.

e. Ownership. The dam is presently owned by the
Ciyof Worcester and is under the

-~ jurisdiction of the Department ofl Public
-~ Works. Mr. F. Worth Landers, Commissioner,

(617-798-8151) granted permission to enter
the property and inspect the dam.

f. Operator,. There is no known operational
equipment at the dam, and there are no known
operators of the dam.

*g. Purpose of the Dam. The reservoir was
formerly used as an ice farm by the
Independent Ice Company, and scmetime later

I.'. by the R&- Machinery Co. The last private
A owner of the dam, Patches, Inc., planned to

drain the pond and have the area developed.
* Instead, it was sold in 1970 to the City of

Worcester and is now under the care of the
Worcester Conservation Commission and used
for recreation.

h. Design and Construction History. The linited
information available on the original desimn

% and construction of the spillway is included
in Appendix B. The original owner was Mr.
W~illiam Patch; however, the only available

3



plan, dated 1896, was prepared for the estate
of C. Rebboli, Worcester, Massachusetts.

This 1896 tracing shows the spillway much asI
it is today except for the slope of the
upstream face. There are no other plans,

I-. specifications or computations available from
the Owner, or County or State offices relative
to the design, construction, or repairs of
this spillway. In addition, information is
lacking for the dike and for the former gate
structure that has apparently been filled.

i. Normal Operating Procedures. There are no
operational procedures at the dam. Flow over
the spillway is uncontrolled.

1.3 Pertinent Data

*a. Drainage Area. The drainage area for Patch
Reservoir is estimated to be approximately
5,700 acres (8.9 square miles). About 70 per-
cent of this area is located in the Town of
Holden and consists of moderately steep wood-
land and sparse residential development.
Holden Reservoirs 1 and 2, included in this
part of the drainage area, are maintained by

the City of Worcester for public water

supply. Residential development is thereforeI
minimal (see Figure D-1).
The remaining 30 percent of the drainage area
is in the City of Worcester and includes the
lower part of the Cook Pond watershed. Resi-
dential development is more dense in this
area, particularly north of Pleasant Street
and northeast of Chandler Street. In

* addition, the runway at the Municipal Airport
west of Patch Reservoir serves as an
artificial drainage divide.

b. Discharge at the Dam Site. Uncontrolled dis-
charge above El 5J47 flows over the weir at

* the spillway, down the'cascade, to the paved
stream channel below. Immediately downstream
from the crest, the channel is bounded by
stone masonry training walls for about 33
feet on the east side and 27 feet on the west
side. Below that Is a narrow, windIng stream

* channel that flows through woodland to Patch
Pond, approximately 1,200 feet downstream.



The spillway weir can discharge an estimated
1,015 cfs at El 549.8, corresponding to the
low point on the dike and the maximum storage
elevation for the reservoir. An inflow test
flood of 8,357 cfs (one-half the probable
maximum flood) will overtop the lowest point
on the dike by 4.1 feet. The spillway has the
capacity to discharge only 13 percent of the
outflow test flood.

The maximum flood at the dam site is unknown
although frequent backyard flooding has been
reported by local residents.

As shown on Figure D-l, Patch Reservoir is
located downstream of Holden Reservoirs No. 1
and No. 2 and Cook Pond. Flow into Patch
Reservoir is dependent upon the storage-
discharge characteristics of these upstream
reservoirs.

c. Elevation (feet above MSL [Mean Sea Level]).
A benchmark elevation of 547.0 at the spill-
way crest was estimated from a U.S."3.S.
topographic map.

(1) Top - Spillway: 547.0

- Dike section: 549.8 to 553.4

(2) Test flood pool: 553.9

(3) Design surcharge (original design): Un-
known

(4) Full flood control pool: Not applicable

(II/A)

(5) Recreation pool: 547.0

(6) Spillway crest (ungated): 547.0

4 (7) Upstream portal invert diversion tunnel:
N/A

(8) Streambed at centerline of dam: 541.5
(downstream of spillway) '

*(9) Tailwater: 541.5

5
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d. Reservoir

(l) Length of maximum pool: 2,000 feet

(2) Length of recreation pool: 2,000 feet

(3) Length of flood control pool: N/A

e. Storage (acre-feet)

* (1) Test flood surcharge: 210 at El 553.9

(2) Top of dike: 205

(3) Flood control pool: N/A

(1Recreation pool: 120 (approximate)

*(5) Spillway crest: 120

f. Reservoir Surface (acres) (Assume no signifi-
cant increase in reservoir area with change
in elevation from 5147.0 to 5149.8)

(1) Top dam: 30

(2) Test flood Pool: 30

(3) Flood-control pool: N/A

(14) Recreation pool: 30

(5) Spillway crest: 30

g . Dam

S(1) Type -Spillway: cut stone blocks
-Dike section: earth

(2) Length - Spillway: 70 feet
- Dike section: 200 feet

(3) Height - Spillway: 6 feet
- Dike section: 11 feet

(14) Top width - Spillway: 1 foot
- Dike section: varies from

11 to 13 feet

6



(5) Side slopes- Spillway: downstream cascade:
1:1

- Dike section: varies:
upstream 1.5 to 2.5:1
downstream 1.5 to 3:1

(6) Zoning: Unknown

(7) Impervious core: Unknown

(8) Cutoff: Unknown

(9) Grout curtain: Unknown

i. Spillway

"' (1) Type: Broad crest

* (2) Length of weir: 70 feet

(3) Crest elevation: 547 MSL (assumed bench-
mark)

(14) Gates: None

(5) Upstream Channel: Flared training walls

(6) Downstream Channel: 7 0-feet-wide
stepped stone spillway to earth channel

(7) Core: Rubble masonry

(8) General: Spillway channel is paved with
field stone for a short distance and
then naturalearth channel.

J. Regulating Outlets. There is no regulating
outlet at this dam.

.'7
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SECTION 2

ENGINEERING DATA

2.1 General. The only available plan of' the
construction of Patch Reservoir Darn is a 1936

-4 tracing of the spillway plan and cross section
dated April 21, 1896. A copy is included in
Appendix B. The only other data available for
this evaluation were visual observations during
inspection, review of previous inspection
reports, and conversations with the Owner and
personnel from State and County agencies.

We acknowledge the assistance and cooperation of'
personnel of the Massachusetts Department of

* Public Works: Messrs. Willis Regan and Raymond
Rochford, and of the Massachusetts Department of

* Environmental Quality Engineering, Division of
K Waterways: Messrs. John J. Hannon and Joseph

Iagallo.

*Also, we acknowledge the cooperation and assist-
ance of personnel from the Worcester County
Engineer's Office: Messrs. John O'Toole, Joseph
Brazauskas, and Mr. Wallace Lindquist - recently
retired from county service.

Mr. F. Worth Landers, Commissioner of Public
Works for the City of Worcester, granted permis-
sion to enter the property and inspect the dam.
Messrs. Michael Burke, Richard Grant, and Ed Mara
of the Worcester DPW provided background data on
the reservoir and dam;

2.2 Construction Records. There are no detailed con-
struction records available.

2.3 Operation Records. No operation records are
available, and there is no daily record kept of

* pool elevation or rainfall at the dam site.

2.14 Evaluation

a. Availability. The availability of data is
lited due 'to the age of this dam.

8
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b. Adequacy. The lack of in-depth engineering
data did not allow for a definitive review.

Therefore the adequacy of this dam could notI
be assessed from the standpoint of reviewing
design and co~nstruction data, but is based
primarily on visual inspection, past perform-
ance history and sound engineering judgment.

c. Validity,. The limited engineering data
available is considered valid.



SECTION~ 3

VISUAL INSPECTION

3.1 Findings

a. General. The Phase I inspection of' the damn
at Patch Reservoir was performed on July 10,
1978. A copy of the inspection checklist is
included in Appendix A. Periodic inspections
of this dam have been made by others since
1925. A partial listing of these inspections
is in Appendix B. An inspection by the Massa-

.~ .. chusetts Department of Public Works was made
in January, 1973, and a copy of that report
is included in Appendix B. In addition,
early inspection records were reviewed at the
Worcester County Engineer's Office.

b. Dam. The impoundment structures consist of a
spillway and dike section. The spillway is a
stepped stone structure. Granite blocks com-
prising the crest and cascade are in good con-
dition, although slightly misaligned hori-

* zontally. There is a small (6-inch) gap in
the crest near the east end of the spillway
which is the result of a broken corner on a
crest block. Although the pond level was
slightly below the crest, water was observed
flowing through the gap and also leaking from
beneath the first two steps of the cascade.
Slight seepage was also observed in the wall
at the west abutment, just above the level of
the downstream streambed.

The shear pins that secure the second row of
blocks appear to have been 1-inch diameter,
but- have been corroded to about 3/4 inch
diameter. Continued deterioration of the
shear pins could eventually affect the stabil-
ity of the weir blocks.

The toe of the spillway is paved with irregu-
S.'. lar fieldstone blocks. Erosion beneath the

stones at the toe has caused some settlement.
, .. The downstream earth channel is fairly narrow,
* winding, and stony, and has minor amounts of

debris such as tree branches in it.

10



The training walls at each end of the spill-
way are mortared fieldstone in generally good
condition, although the mortar is missing
from the lower stones on the upstream end of

-' - the west wall. The walls abut natural ground
and are practically overgrown by bushes and
trees on the downstream side. There has
apparently been some tree cutting on the
upstream side of the left abutment.

Above the training wall, on the left abut-
ment, a second retaining wall apparently in-
tended to protect the abutting property has
been built of broken concrete slabs. A
footpath passes between the two walls.

On the upstream side of the spillway, the bed
* of the pond is only a few inches below the

crest block. There is evidence of a stone
pavement, although this is not shown in the
old plan of the dam.

The earth dike, located about 800 feet freom
the spillway, is overgrown with trees on both
the upstream and downstream sides, and a foot-
path runs along the crest. There is no

* visible slope protection. Seepage was
observed along about one-third of the length
of the dike, which results in a soft swampy
area at the downstream toe. A few animal
burrows were noted.

4c. Appurtenant Structures. Early inspection
reports suggest the evidence of a gated out-
let at the dam. -It was not visible at the

* time of inspection. There are no other struc-
tures connected with this dam.

d. Reservoir Area. A comparison of a 1960 and
197~4 U.S.G.S. topographic map indicated that
a large amount of fill has been added in the

* southern end of the reservoir, west of the
dike. Most of the residential development is

~ I north of the spillway and generally on the
a' north and west side of the pond. A footpath

runs between the spillway and the dike.
Although this area is covered with vegeta-

* tion, trespassing on the slope to reach the
I. water has caused erosion in many parts of the



shore. During the visual inspection, one
such eroded low area leading to a small beach
was noted. The low area has an elevation
about 2 feet higher than the dike.

In the drainage area near the pond, residen-
tial development is heaviest north and west
of the Reservoir.

e. Downstream Channel. Water flows into the
discharge channel below the spillway for
about 1,200 feet before entering Patch Pond.
Houses are located along the east side of the
spillway channel for at least 500 feet down-

;. *.stream. A storm drainage system for residen-
tial development enters the channel through a
culvert about 400 feet downstream of the

0 spillway. Frequent flooding is reported by
the residents. The stream is eroding its
banks in several places which causes trees to
fall into the channel. The channel generally
contains brushes and miscellaneous debris
as well.

3.2 Evaluation. The above findings indicate that the
dam has several areas of distress which require
attention. It is evident that the dam is not ade-
quately maintained and that deterioration will
continue unless action is taken. Recommended
measures to improve these conditions are included
in Section 7.

12



Patc Reervir.SECTION 14

OPERATING PROCEDURES

4.1 Procedures. There are no operating procedures at

4.2 Maintenance of the Dam. The dike and spillway are
inadequately maintained as evidenced by the condi-
tion of the cascade and overgrowth of trees on the
dike. The City of Worcester has no regular main-
tenance program.

-. 4.3 Maintenance of Operating Facilities. There are no
operating facilities on the structure. Discharge
over-the spillway is uncontrolled-and there is no

* other outlet.

4.14 Description of any Warning System in Effect. There
are no warning systems in effect at this site.

4.5 Evaluation. Patch Reservoir is in the high hazard
category because of the threat to downstream resi-
dents in the event of dam failure. The dike and
spillway are in fair to poor condition. Due to the
potential for failure, a program of operation and
maintenance, and a warning system in the event ofI
emergency should be implemented as recommended in

Seton7
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*SECTION 5

HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design Data. Patch Reservoir receives flow
from Cook Pond plus 1.8 square miles of
tributary area directly below Cook Pond. A
Phase I Investigation has recently been com-
pleted for Cook Pond (MA 00120). The inflow
test flood was based on calculated dis-
charge from Cook Pond plus an estimate of
flow from the tributary area directly below
Cook Pond. The Probable Maximum Flood (PMF)
rate was determined to be 2,350 cfs per
square mile for the drainage area below Cook
Pond. This calculation is based on the aver-
age drainage area slope of 4 percent, the
pond-plus-swamp area to drainage area ratio
of 5.7 percent, and the U.S. Army Corps of
Engineers' guide curves for Maximum Probable
Flood Peak Flow Rates (dated December 1977).
Applying one-half the PMF to the 1.8 square
miles of drainage area results in a calcu-
lated peak flood flow of 2,115 cfs as the
inflow test flood. Including the effect of
Cook Pond, the total inflow test flood equals
8,357 cfs (939 cfs per square mile). By
adjusting the inflow test flood for surcharge
storage, the maximum discharge rate was
established as 7,950 cfs (893 cfs per square
mile), with a water surface at El 553.9.

Flow over the dike crest is predicted to be
3,740 cfs, and flow through the spillway
would be 4,210 cfs. The maximum head on the
dike would be 4.1 feet with a discharge of
21.2 cfs per foot of width. Depth at crit-
ical flow would be at 2.4 feet with a
velocity of 8.8 feet per second.

Flow will also occur in the low area shown in
Figure B-2. This low area is about 2 feet
above the crest of the dike. However, due to
the limited size of this area, outflow

*. through this section was not considered in
the hydraulic computations. The maximum dis-
charge head on the dike would be slightly
reduced if the effect of the discharge in the
low area was considered.
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The inflow from a 100-year frequency storm
was estimated to be 3,410 cfs. After adjust-
ment for surcharge storage, the outflow from
the 100-year storm was calculated to be 3,180
cfs which would result in a water surface at
El 552, or about 2.2 feet over the dike crest.

Hydraulic analyses indicate that the existing
spillway can discharge a flow of 1,015 cfs at
water surface El 549.8, which is the crest of
the dike. This means that the spillway has
the capacity to discharge only 13 percent of
the outflow test flood.

b. Experience Data. Hydraulic records are not
generally available for this site; however,
in conversations with personnel from the
Worcester County Engineer's Office, it was
noted that the dike was not overtopped in the
1955 floods.

c. Visual Observations. The spillway consists
of a 70-foot-long stone masonry spillway
which discharges over a cascade into a
natural stream channel.

The spillway appears to be in fair condition
although some leakage was observed. A storm
drainage system enters the channel about 400

feet below the spillway, and frequent backyard
flooding was reported by a local resident.
Erosion into the channel could reduce the
capacity of the channel and increase local
flooding.

d. Overtopping Potential. Overtopping of the
dike is expected under the test flood of
8,357 cfs (inflow); as noted previously, how-
ever, the only available records on over-
topping indicate that the dam was not over-
topped during the 1955 floods. The pond
elevations of the upstream reservoirs are
unknown prior to the 1955 storm. The storage
effect of these reservoirs would minimize dis-
charge to downstream areas. In the event of
overtopping, complete failure of the dike
could occur. The resulting flood wave could
reach a height of 10 feet at a point 1,600 feet
downstream of the dike and be a hazard to life
and property.

15
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27. W.

e. Additional Hydraulic Considerations. As
shown on Figure D-1, Patch Reservoir is
located downstream of Holden Reservoirs No. 1

.* *and No. 2 and Cook Pond. However, the calcu-
lations for a Phase I investigation are based
on the U.S. Army Corps of Engineers guide
curves which do not entirely consider the
storage discharge characteristics of upstream
reservoirs. The inflow test flood for Patch
Reservoir has included the storage effect of
Cook Pond but not Holden Reservoirs No. 1 and
No. 2. Therefore, the conclusions on peak
flows and dam overtopping should be con-
sidered as preliminary only. A more detailed
hydrologic and hydraulic investigation should

% be based on the storage effects of all
upstream reservoirs.

At

'16



SECTION6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The evaluation of the
structural stability of the dike and spillway
at Patch Reservoir is based on the visual
inspection conducted on July 10, 1978. Based
on the observations, as detailed in Section 3,
and the evaluation off the hydraulic data,
the dike and spillway at Patch Reservoir are
considered a hazard. The condition of the
structures is unsatisffactory and conventional
factors of safety may not exist.

It is recommended that a more detailed inves-
tigation be initiated to evaluate the condi-
tion off the dike and spillway and the seepage
at the downstream toe off the dike.

b. Design and Construction Data. Discussions
with the Owner, and County and State personnel
indicate that there are no plans, speciffica-
tions, or computations relative to the
design, construction or repairs off the dike

.4 at Patch Reservoir. Information on the type,
shear strength and permeability off the soil
and/or rock materials is nonexistent. One
drawing showing details off the original spill-
way is attached as Figure B-4 in Appendix B.

The spillway strurture was built in 1896.
* The drawing indicates it consists off a rubble
s masonry core and earthfill on the upstream
-4, side, and concrete and dry rubble masonry on

the downstream cascade. It appears that the
steps are the original granite blocks and that
only the upstream slope has been altered. It
is not known when the dike embankment was

- built. As discussed previously, the reser-

voir shoreline has been recently altered by
-4 tfilling at the southern end.I

17
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c. Operating Records. There is no evidence of any
type of instrumentation at Patch Reservoir dike
or spillway, and there is no indication that
any instrumentation had ever been installed. The
performance of the spillway and dike under prior
loading can only be inferred by physical evidence
at the site.

d. Post-Construction Changes. There are no as-
built drawings for the existing spillway and
dike. The only apparent modifications have
been the change in slope upstream of the spill-
way crest and the arrangement of the iron pins
securing the stone blocks on the cascade.
Previous inspectors reported on the condition
of the outlet gate, but there is no longer
evidence of an outlet at the site.

e. Seismic Stability. The dam is located in
Seismic Zone No. 2 and in accordance with
Phase I "Recommended Guidelines" does not
warrant seismic analyses.

b.-0
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SECTION 7

ASSESSMENT,* RECOMMENDATIONS
AND REMEDIAL MEASURES

-;I7.1 Darm Assessment

a. Condition. Due to their age, neither Patch
Reservoir dike or spillway were designed nor

* constructed to the current approved state-of-
the-art Procedures. Based upon the visual
inspection, and with no engineering data
available and no evidence of operation or
maintenance, there are areas of' concern which
must be corrected to assure the continued
performance of' this dam. Generally, the damn

* is considered to be in fair to poor condi-
tion. As noted previously, there are several
problem areas: the lack of a regulating
outlet; seepage at the toe of' the dike
embankment and at the west training wall
of' the spillway; flow under and between the
granite steps of the cascade; trees and brush
on the dike slopes and at the spillway abut-

* ments; accumulation of debris and vegetation
in the spillway channel, and excavation along
the edge of the reservoir.

Hydraulic analyses indicate that the existing
spillway can discharge a flow of 1,015 cfs at
El 549.8, which is the lowest point on the
crest of the dike. An inflow test flood of
8,357 cfs will overtop the dike by 4.1 feet.
The spillway can'discharge only 13 percent of

0 the outflow from the test flood before the dam
is overtopped. In addition, the inflow from
a 100-year frequency storm would result in a
water surface at El 552, or about 2.2 feet

e. above the crest of the dike. Limited informa-
tion indicates that the dam was not over-

* topped during the 1955 floods. It is likely
that the regulating effects of upstr an
reservoirs reduces the peak flood flows at

* Patch Reservoir.

b. Adequacy of Information. The lack of in-
depth engineering data did not allow fora
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definitive review. Therefore the adequacy of
this dam could not be assessed from the stand-
point of reviewing design and construction
data, but is based primarily on visual inspec-
tion, past performance history and sound
engineering judgment.

c. Urgency. The recommendations outlined below
should be implemented within one year of
receipt of the Phase I Inspection Report.

d. Need for Additional Information. Additional
investigations to further assess the adequacy
of the dike and spillway are outlined below
in Section 7.2, Recommendations.

7.2 Recommendations. In view of the concerns over
V the continued performance of the dike and

spillway, it is recommended that the Owner employ
a qualified consultant to:

a. evaluate the stability of the dike,

b. evaluate the seepage at the downstream toe of
the dike, and

c. conduct a-more detailed hydraulic and hydro-
- -. logic investigation for the entire drainage

area. The purpose is to design a means to in-
crease the discharge capacity of the existing
spillway and to design a new outlet.

The recommendations on repairs and maintenance
procedures are outlined below under Section 7.3
Remedial Measures.

7.3 Remedial Measures

a. Alternatives. An alternative to implementing
the recommendations listed above and the main-
tenance procedures itemized below would be to
lower the reservoir and breach or remove the
dike.

b. Operation and Maintenance Procedures. The
dike and spillway are not adequately
maintained. It Is recommended that the Owner

-, accomplish the following items:

(1) install a gated outlet for lowering the
reservoir in emergency situations,

20



(2) install riprap on the upstream face of
the dike,

()remove all trees and brush from the
dike,

(1fill in excavated areas along the shore,
and fill in any animal burrows,

()repair the break in the spillway crest
block and seal against leakage through
the cascade,

()clear accumulated debris in the spillway
channel,

()institute a definite plan for surveil-
* lance and a warning system during

periods of unusually heavy rains and/or
runoff. The warning system should be
coordinated with one at the upstream
reservoirs in the watershed, because
flooding or failure of the upper dams
will have a severe effect on Patch
Reservoir.

()implement a systematic program of inspec-
tion and maintenance. As a minimum, the
inspection program should consist of a
monthly inspection of the dam and appur-
tenances and be supplemented by addi-
tional inspections during and after
severe storms. The slight seepage noted
in the west abutment of the spillway

__ training wall should be monitored and
* evaluated as part of the inspection pro-

gram. All repairs and maintenance
should be undertaken in compliance
with all applicable State regulations.

21
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APPENDIX A

PERIODIC INSPECTION
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PERIODIC INSPECTION

PARTY ORGANIZATION
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PERIODIC INSPECTION CHECK LIST

PROJECT Pakv Ce6.-oc DATE 7 - -

PROJECT FEATURE Dom NAME I

DISCIPLINE NAME

AREA EVALUATED CONDITIONS

DA". , E.!BANKMENT Dcn5.Ill-. ,S fo~r- tc (Jo,,,f
ect 5(frk LA.;C Ie

Crest Elevation

Current Pool Elevation C.

:4aximum Impoundment to Date urt ,t

Surface Cracks n1c,

Pavement Condition n ICL

.1oement or Settlement of Crest z +lot

Lateral Movement bloc slifl Sl

Vertical Alignment

Horizontal Alignment relftivly 5t-rci,hf

'ondition at Abutment and at JLrlS rfd 5r,,,,
Concrete Structures Ctt . , .

i7ndications of Movement of

Structural Items on Slopes

Trespassing on Slopes tree (A',Ltay -r. tren, c,) le tb (Lbtwc,,t

Sloughing or Erosion of Slopes
or Abutments noe

Rock Slope Protection - Riprap 5-,c -c, , , 5tc, c., t
Faliures .dl, -,, -ft t "

..Lusuai .1ovement or, Cracking at nIc,
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S.eepage

Piping or boils flI
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PERIODIC INSPECTION CHECK LIST

PROJECT Pht -h 7C:cf~r DATE -47y

PROJECT FEATURE rkc NAME &I Cr -ecr

DISCIPLINE &CeC eho riC6 NAME_____________

AREA EVALUATED CONDIT ION

DIKE EMBANKMENT

Crest Elevation 5'cr4e q'tn S'4 t. ±57 5

Current Pool Elevation 5 4 6c1

MIaximum Impoundment to Dateunk )c-7

Surface Cracks n&crne VS, ble

* Pavement Condition d, P CL-fi-) v1y Cf-e~t

M-)vement or Settlement of Crest

Lateral Movement

Vertical Alignment

'orizontal Alignment

Condition at Abutment and at
Concrete Structures

Indications of Movement of
Structural Items on Slopes

Trespassing on Slopes 4.'x~- Cb(rw-icds

Sloughing or Erosion of Slopes

K - ~or Abutments_______________

Rock Slope Protection -Riprap

Failures ___________________________

-* Pnu -ual Movement or Cracking at
or' near Toes

Unusual Embankment or Downstream (Jt-*
-Seepage

H 'ping or Boils

-)-,indation Drainage Features
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~~ Lri.trumentation System
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PERIODIC INSPECTION CHECK LIST

PROJECT Pof-h Rescyuogr DATE '-io-7Y

PROJECT FEATURE ___________ NAME ci C re vc,

DISCIPLINE Hdcir-Ldits NAME LAW &jc-

AREA EVALUATED CONDITION

OUTYLET WORKS - SPILLWAY WEIR,
- APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

General Condition ,

Loose Rock Overhanging nov
Channel

Trees Overhanging Channel sax' 1 r1 tne er, right W i- ,

Floor of Approach Channel

b. Weir and Training Walls cdy c4!i tverx* ,ascol -. tC( ej-.,;," uL',,r

General Condition of , ome blcers cI'S/cect
Concrete : tone-s

Rust or Staining nfle,

Spalling nc.

Any Visible Reinforcing

Any Seepage or Efflorescence

Drain Holes /

C. Discharge Channel 4 Y-' -.twcs c, totnn %sf('

General Condition k,,r 11 (OC',-, 5rrarjll >(ceett 'd .,o.

Loose Rock Overhanging
Channel
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"ge

%a



, -. "

_ 1
APPENDIX B

PLAN OF DAM AND PREVIOUS
!' I INSPEC"IONS

Page

Figure B-1, Schematic Location Plan B-1

Figure B-2, Cross-section, Low Area B-2

Figure B-3, Dike Plans and Sections B-3

Figure B-4, Plan of Dam at Patch Reservoir, In
dated April 21, 1896 Pocket

Previous Inspections (Partial Listing) B-5

Inspection Report from Massachusetts
Department of Public Works, January 1973 B-7
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INSPECTIO r.F.PORT - DAI;S ID .' Vc.i*.D

1. Locations City/Town j_'o IK'5 "' Dam M;o. 3 -/- 3¢t?-//

Nme of Dam A67rCH R4SeTVo*T Inspected by oe,.,,A',e

Date of Inspection /-14-73

2. Owner/ss per& Assessors . Prev. Inspection $/

Reg. of Deeds Pers. Contact

R.ame St. &. H o, KCi'ty/lo;n zrate Tel." ,l"C-

2.
-ame St. & do. City/Town 5itate Tel, No,

Name St. ' 'No C;ity/own btate Tel. iqo,

_ 3. Caretaker (if any) e.g. superintendent, plant manager, appointed
by absentee owners appointed by multi owners.

Names St. & Nos

City/Towns States Tel. coe;

4. No. of Pictures taken

-'., 5. Degree of Hazards (if dam should fail completely)*

le h'inor 2. .ioderate

3. Severe 4. Disastrous

This rating may change as land use changes (future development)

6. Outlet Controls Automatic M.tanual

Operative ______yes; _________ No.

Comentsi SPILL4,ny colr(OT O..

7. Upstzean Facc of Dams Conditions

0 1, Good .... 2. .. :lnr nepairs

3. M;ajor rcpairs 4. t'rgcnt I.epairs

.0r Cortnents s

B-7
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7 .77.

-2- :0.
8. Downstream Face of Dams

Conditiont 1. Good . . ... 2. 1Minor Repairs

3. Major Repairs 4. Ur~ent Repairs_

Commentsi

., , •.

m9. ergency vl1vay:,VoA'6

Condition: 1. Good .. _2. Minor Re. airs_ _

3. 1.a~or Repairs _." Urgent Repairs

Comments:

10. Water Level at time of Inspection: . ft° above belowrj .

top of dam j principal spill'.ay

other ._._ ,

Ile Summary of Deficiencies Noted:

Growth (Trees and Drush) on Mnbankment Y _

Animal Burrows and W'ashouts _ _e^&g

Damae to slopes or top of dan Al n AZ

- Cracked or Dam:ed Masonry____

Evidence of Seepage __________Al____-if-_____

Evidence of Piping - An

Erosion UAAj

0.- Leaks A

Trash and/or dcbis i=.cdnf "o!. _

.,. *Clogred or bloc.kud spiliwn7 .

*.p..O.Other..

L.<. B- 8
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-3- D16 ,c

12. remarks & Reconr.nendationsi (Fully Explain)

f. NAA,30P. ?aSL-o T 'OF oV xr L^bA- %-r$Eset..

.7.

6S GOO 0 Coui b Qsb) '-VA I~~tr-oP3E- N.!TMMIJG

\A.r~z . *A U~ C- 0 6 V b A U

I L

13. Overall Conditions

4 Is Safe_____________ ____

2. f.:incr repairs nonod___________

3. Conditionally safe - rnJor repairs necded ____

4. Unsa&'e __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5e. Restivi v.1,ravoj'undt.'liit no lo'nger exists (explain)

a.',

iReconeaimend removal fromg i n.,p..c1ion list
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I DESCRIPTIO1, o7 r,A.i

DISTRICT_

V 3
Submitted by,. Dam ,A. _

,4.. * r -
-.. Date /,.,/ _____cg

4.' Name .a

1. Locations Topo Sheet No.

Provide 83-" x 11" In clear copy of topo =-ap w' ith location of
Dam clearly indicated.

" 2. Year builts Year/s of subsequent xepairs
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APPENDIX D

-HYDROLOGIC AND HYDRAULICq
CO T UTAT IONS
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Figure D-l, Watershed Plan Irn
Pocket

Figure D-2, Patch Reservoir Drainage Area D-2
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APPENDIX E

* INFORMATION AS CONTAINED IN

- THE NATIONAL INVENTORY OF DAMS
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